Abstract: Collection of biological samples from pteropid bats requires chemical restraint of the bats to minimize risks to humans and stress to the bat. The effectiveness of an intravenous combination of ketamine and xylazine for short-term restraint of wild-caught variable flying foxes (Pteropus hypomelanus) in a field situation was evaluated. Eight adult male variable flying foxes were injected intravenously with 0.1 ml of ketamine and xylaxine containing 5 mg of ketamine and 1 mg of xylazine. The mean induction time was 80 Ϯ 20 sec, and mean immobilization time was 26 Ϯ 10 min. The ketamine-xylazine combination used in this study produced effective short-term immobilization of wild variable flying foxes for the collection of biological samples.
BRIEF COMMUNICATION
After the outbreak of Nipah virus in peninsular Malaysia between 1998-1999, Malaysian bat species became a surveillance priority after evidence from laboratory studies indicated that Nipah and Hendra viruses were closely related. 6, 10 Continued epidemiologic studies on the dynamics of Nipah virus in Malaysian Pteropus species require the collection of biological samples such as urine and blood. During sampling, physical restraint of the bats can expose the handler to bite and scratch injuries, leading to potential transmission of zoonotic diseases. 9 The use of anesthesia facilitates safety for the handler and researcher and minimizes stress for the bat. 4 Published protocols for pteropid anesthesia are limited to captive bats. 4, 5 Ketamine alone (120 mg/kg intramuscularly) produced anesthesia for 20-30 min in the mouse-eared bat species, 8 and a combination of acepromazine (1.1 mg/kg) and ketamine (11 mg/kg) has been reported to effectively immobilize Indian flying foxes (Pteropus giganteus). 1, 5 Ketamine-xylazine combinations were successfully used for immobilization of grey-headed (Pteropus poliocephalus), black (Pteropus alecto), little red (Pteropus scapulatus), and variable flying foxes (Pteropus hypomelanus). 5, 11 The use of iso- flurane for inhalant anesthesia in Pteropus species is recommended because of the relative safety of isoflurane. 7 However, when working in remote locations, injectable anesthetic agents offer a more portable and pragmatic option. This study evaluated the efficacy of an intravenous ketamine-xylazine combination (0.1 ml/animal) as an easy and practical regimen for short-term immobilization of wild-caught variable flying foxes. It was hypothesized on the basis of results of a previous study 5 that this combination would effectively result in short-term immobilization of wild-caught bats.
Variable flying foxes were all caught by mist net at the same time in Tioman Island (2.84274ЊN; 104.15933ЊE), Malaysia, while they were flying back from morning feeding. Bats were extracted from the net immediately after capture and placed for 1 to 3 hr in an individual cloth bag tied with a drawstring before handling. Each bat was physically examined and weighed under anesthesia by a veterinarian. Anesthesia was induced with a commercial preparation of ketamine (100 mg/ml; KE-TAMIL injection, Troy Laboratories Pty Limited, Australia) and xylazine (20 mg/ml; ILIUM XY-LAZIL-20, Troy Laboratories). Equal volumes of ketamine and xylazine were used to make a concentration of 50 and 10 mg/ml, respectively. The approximate effective dose was determined from a previous report. 5 Each bat randomly received 0.1 ml of the ketamine (5 mg) and xylazine (1 mg) combination, intravenously (i.v.) via the cephalic vein with the use of a 1-ml syringe attached to 25-ga. needle. Respiratory rate, induction time, and immobilization time were determined to assess the anesthetic duration and depth suitable for collection of biological samples. The respiratory rate was de- termined by observing thoracic movements for 1 min and was recorded at the time of injection (t ϭ 0) and every 10 min until return of the righting response. Presence of the righting response was recorded when the bat was able to turn from dorsal recumbency to sternal recumbency within 2 min. Induction time was defined as the period between injection of the anesthetic agents and loss of muscle tone and withdrawal reflex. Muscle tone and withdrawal reflex were evaluated by pinching the nail bed of the distal phalanges. Immobilization time was defined as the elapsed time from the loss of muscle tone to the return of the righting response. After return of the righting response, each bat was placed in a cloth bag and held upside down from a tree branch. Full recovery was evaluated 3-4 hr postinduction of anesthesia by the ability of the bats to climb a tree. Data were analyzed with SPSS version 13 (SPSS, Inc., Chicago, Illinois 60606, USA). One sample t-test was used to determine the difference between the induction time, immobilizing time, and the ketamine-xylazine dosage from a previous study. 5 The paired t-test was used to compare the respiratory rate at 0, 10, and 20 min postinduction, depending on the length of immobilization. Level of significance was evaluated at ␣ ϭ 0.05.
Eight adult healthy male variable flying foxes (weight 0.474 Ϯ 0.18 kg) were used in this study. Respiratory rates of bats did not change significantly (P Ͼ 0.05) from baseline values until the last 5-7 min of immobilization when the respiratory rate increased as bats started to regain the righting response. No flapping or struggling was observed during the recovery period. All bats were fully recovered approximately 3-4 hr after regaining the righting response and were released back to nature. Induction time ranged from 60-100 sec, and the immobilization time ranged from 16-36 min (Table  1) , adequate for the collection of biological samples.
At a dose of 0.1 ml per animal, the mean dosage for ketamine (10.59 Ϯ 0.36 mg/kg) and xylazine (2.11 Ϯ 0.06 mg/kg) in this study was significantly higher than the dosage reported for captive bats by Heard et al. 5 (10:2 mg/kg). Interestingly, the mean induction time was not significantly different (P Ͼ 0.05) and the mean immobilization time was significantly shorter (P Ͻ 0.05) than those reported by Heard et al. 5 (38 Ϯ 8 min). However, the route of drug administration in this study was intravenously compared with intramuscular administration in the Heard et al. 5 study. It is possible that the differences in drug effects are most likely due to the increased stress in wild animals during capture and restraint. Psychogenic response triggered by physical stress causes increased sympathetic activity and a decrease in parasympathetic activity. 2 This response could directly counteract the effects of xylazine as an inhibitor of neurotransmitter release at sympathetic nerve endings, 3 therefore resulting in shorter immobilization time for wild-caught bats. Although the intramuscular route has advantages because it is easier to access the pectoral muscle while the animal is under physical restraint, ketamine and xylazine can produce muscle necrosis at the injection site.
3 Therefore, we recommended the intravenous route of ketamine-xylazine administration, especially for animals that need to be released immediately after full recovery. Other studies have shown that a combination of ketamine-xylazine produced good-quality induction, immobilization, and recovery; however, it should be used with caution because at high dosages, it can produce respiratory and cardiovascular depression and hypothermia. 3 Further evaluation of a range of lower dosage ketamine-xylazine combinations in wild-caught variable flying foxes would be valuable for achieving a minimal effective anesthetic dosage for shortterm restraint. This study indicates a combination of ketamine and xylazine at 0.1 ml/animal (ϳ10.0: 2.0 mg/kg) intravenously can be used effectively for short-term immobilization of the wild variable flying fox.
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